The reconstruction of damaged skin and soft tissue in the lower extremities is a challenging problem for plastic surgeons. The lower extremities have limited surrounding soft tissues for the reconstruction of the damaged area. In addition, functional or cosmetic issues are a frequent occurrence in areas near the knees with a large range of motion upon completion of the reconstruction. Moreover, if the damage of the lower extremity is wide, both a free flap and a local flap have limitations with respect to the range of reconstruction. Therefore, a split-thickness skin graft is frequently used. The split-thickness skin graft has minor issues such as those related to skin elasticity, and an unsatisfactory cosmetic outcome; as a result, a complication known as scar contracture is a common occurrence [1] .
INTRODUCTION
The reconstruction of damaged skin and soft tissue in the lower extremities is a challenging problem for plastic surgeons. The lower extremities have limited surrounding soft tissues for the reconstruction of the damaged area. In addition, functional or cosmetic issues are a frequent occurrence in areas near the knees with a large range of motion upon completion of the reconstruction. Moreover, if the damage of the lower extremity is wide, both a free flap and a local flap have limitations with respect to the range of reconstruction. Therefore, a split-thickness skin graft is frequently used. The split-thickness skin graft has minor issues such as those related to skin elasticity, and an unsatisfactory cosmetic outcome; as a result, a complication known as scar contracture is a common occurrence [1] .
With respect to damage that has occurred in the lower extremities, it is important to find a method that takes into account not only the primary goal of reconstruction but also the appropriate cosmetic perspective [2, 3] . Various artificial dermal substitutes have been developed in order to minimize scar contracture, R0: This parameter looks at the maximum amplitude and represents the passive behavior of the skin to the applied force (firmness). R1/R4: The ability of the skin to return to its original state (minimum amplitude after relaxation). R2: Gross elasticity: resistance versus ability of returning. R3/R9: Tiring effect (fatigue) visible for repeated suction/relaxation. R4: Residual skin deformation after release of the last suction. R5: Net elasticity: elastic portion of the suction part versus the elastic portion of the relaxation part. R6: Portion of the visco-elasticity of the curve. R7: Portion of the elasticity compared to the complete curve. R8: Complete relaxation after the pressure is cut off. Ua, final retraction; Ue, immediate distension; Uf, total deformation; Ur, immediate retraction; Uv, delayed distension. which is a disadvantage of the split-thickness skin graft. Among them, the effectiveness of Integra (Integra Life Science Corporation, Plainsboro, NJ, USA) has been proven in various clinical trials [4, 5] . However, Integra has a disadvantage, in that 2 to 3 weeks after the initial application to the damaged area, a second surgical treatment step is necessary for the removal of the uppermost layer made of silicone [6] . Matriderm (Dr. Otto Suwelack Skin & Health Care AG, Billerbeck, Germany), a three-dimensional structure, is a matrix containing I, II, and V-type collagen extracted from bovine ligament and dermis, and alpha-elastin hydrolysates. It can be applied concurrently with the split-thickness skin graft for the reconstruction of the lower extremities; thus, secondary surgery is not required [7, 8] . In addition, the following can be minimized by using Matriderm: reduction of skin elasticity and flexibility (after completion of the split-thickness skin graft without any other procedure), differences in skin color and texture, and functional problems due to scar contracture. However, because no objective assessment on this subject has been reported in the literature, this study was conducted to demonstrate usefulness of matriderm.
METHODS
This study was conducted at our institution from January 2010 to June 2012. A total of 34 patients (male, 23; female, 11; mean age, 48 years; age distribution, 10-77 years) who received an application of Matriderm and a split-thickness skin graft for skin and soft tissue defects on the lower extremities and buttocks were included. In addition, retrospective investigations were conducted by a review of medical records and assessment of skin elasticity using Cutometer (Courage & Khazaka Electronics, Köln, Germany), photos, and pathology. With the application of general anesthesia, all 34 patients included in the study received Matriderm on the damaged area of the lower extremities; the split-thickness skin graft was performed concurrently. The graft was fixed with sutures and a stapler, and a tie-over dressing was used to promote engraftment and to prevent hematoma. To stabilize the wound, the lower extremities were fixed in order to prevent movement by using a splint for 7 to 14 days. Patients were treated in a hospital as inpatients until sufficient recovery was achieved. Due to issues regarding cost, not all of the damaged areas could be covered with Matriderm in two patients, and only the split-thickness skin graft was performed on some areas.
All patients underwent follow-up for at least 6 months, and photographs were taken in the second and the sixth month after the procedure. Skin elasticity was measured in the sixth month using the Cutometer. One patient underwent biopsy in two areas. One area had Matriderm and the split-thickness skin graft (knee) applied concurrently, and the other area (lower leg) had only the split-thickness skin graft. In addition, such a biopsy was performed in the sixth month for measurement of the elastin density of two areas from the perspective of pathology.
Cutometer is a commercial device used for an objective assessment of skin elasticity, and the investigating ruler has a 6-mm round inlet port at the center. During measurement, the skin is sucked into the inlet port of the investigating ruler and returned to its previous shape by passing through the inlet port when negative pressure has dissipated, and the skin depth is measured at this moment using light. In addition, a graph of the depth of skin sucked in per unit time is generated. While absolute values are determined according to the skin depth, their ratios change depending on the characteristics of the skin areas irrespective of the skin depth. Therefore, the obtained values can be considered objective skin elasticity measurement values (Fig. 1) [9] .
RESULTS
A total of 34 patients received treatment as originally planned, and there was no case of follow-up failure based on death or change of address of the patient during the six-month follow-up period. The causes of damage to the lower extremities varied, including burns, open fractures, crushing injuries, congenital melanocytic nevus, malignant skin tumors, and flap donor sites. The engraftment rate of skin grafts using Matriderm was 97% at our institution.
The elasticity and flexibility of the graft were compared with those of the surrounding normal skin tissues using Cutometer. Each value was investigated by dividing it as follows: Ur/Ue (elastic function), Ur/Uf (gross elasticity), Ua/Uf (biological elasticity), and Uv/Ue (viscoelastic ratio) ( Table 1 ). The measured values showed statistically similar elasticity and flexibility as compared to the surrounding normal skin and values obtained in an independent t-test (Table 2) , and demonstrated improvement of skin quality as compared to that in the case of an existing simple split-thickness skin graft. During scar revision, biopsy was performed at the graft site of one patient at the sixth month. Upon completion of the Verhoeff van Gieson stain, the area with Matriderm and the split-thickness skin graft (anterior thigh and lateral knee area) had a higher elastin density than the area (calf) that had only the split-thickness skin graft (Fig. 2) . Further, a thicker dermis layer was observed by a pathologist in the Verhoeff van Gieson stain slide.
Case study 1
This patient was a 40-year-old female patient, who was admitted through the emergency room with multiple open fractures and a crushing injury of the soft tissue in the right lower extremity resulting from an automobile accident. The patient had necrosis in the right femoral region, around the knee joint, on the fullthickness skin tissues of the popliteal fossa, and in the posterior region of the leg. An external fixator procedure for a fracture was performed in the orthopedics department on the second day of the patient's hospital stay, and the necrotic tissue was removed in the plastic surgery department on the 14th day of her hospital stay. On the 25th day of her hospital stay, Matriderm was applied and the split-thickness skin graft procedure was performed on the anterior thigh, around the knee joint, and on the lower leg; the elasticity and flexibility test and a photo shoot of the skin were performed in the sixth month after the skin graft. From the follow-up pictures, we found that the knee joint showed a normal range of motion (knee flexion, 0°-120°), and scar contracture was not observed (Fig. 3) .
Case study 2
This patient was a 17-year-old male. An external fixator operation was performed in the orthopedics department for an open fracture of the right fibula and tibia resulting from an automobile accident. The patient was then sent to the plastic surgery department, where he underwent the removal of necrotic tissue on the eighth day of his hospital stay; the consequential soft tissue damage was treated using the anterolateral thigh free flap on the 15th day of his hospital stay. In addition, Matriderm was applied, and the split-thickness skin graft procedure was performed in the lateral lower leg region on the 29th day of the patient's hospital stay. The skin elasticity and flexibility test and the photo shoot were performed in the sixth month after surgery, and no hypertrophic scar or scar contracture was observed in the grafted area (Fig. 4) .
DISCUSSION
Damaged skin and soft tissue in the lower extremities is a challenging problem for plastic surgeons. As a method for the reconstruction of the damaged area, flap surgery provides excellent coverage for the soft tissue. However, it requires multiple operations and is potentially problematic from a cosmetic perspective because it is excessively thick. Furthermore, if the damage is wide, it is impossible to cover the damaged area with only flap surgery. For the aforementioned reasons, flap surgery is not considered the absolute first choice for lower extremity reconstruc- (A) Pathological findings of the area on which Matriderm was applied and the split-thickness skin graft was performed concurrently. In addition, the elastin dyed in pink has high density and the new dermis is thick (Verhoeff van Gieson stain, × 200). (B) Pathological findings of the area that had only the split-thickness skin graft. Here, the elastin dyed in pink has low density, and the new dermis is thinner (Verhoeff van Gieson stain, × 200). tion. Many studies have recently reported that an artificial dermal substitute increases the quality of a skin graft and offers a relatively easy reconstruction method [10, 11] . From the present study, it was confirmed that the reconstruction of skin and soft tissue defects in the lower extremities is possible with only a single step of surgical treatment without engraftment failure. This can be a major advantage when compared with other methods, which are time consuming and require multiple steps of surgical treatment. Eventually, stabilization of the surgical wound becomes more rapid. Therefore, being able to exercise at an earlier time and an earlier return to normal daily activities is possible. This can eventually lead to a reduction in healthcare costs.
Matriderm, which was made commercially available in 2004, primarily minimizes scar contracture. Second, it increases skin elasticity and flexibility. This was proved by an analysis using the Cutometer, which is designed to measure the elasticity of the upper skin layer using negative pressure that mechanically deforms the skin. Therefore, Matriderm compensates for the disadvantage of the existing split-thickness skin graft. Although thus far, study results related to such advantages have rarely been reported in the literature, these advantages were objectively demonstrated in this study.
However, this study has certain limitations: There was no comparison group of patients who underwent only split-thickness skin graft surgery. In case 1, biopsy was performed only in the calf region and only on the graft to which Matriderm could not be topically applied. In addition, skin elasticity or flexibility could not be measured because the range was too narrow. Because the follow-up period was less than 1 year, a long term follow-up study will be necessary in the future.
In conclusion, the goal of this study was to objectively confirm the usefulness and advantages of Matriderm, an artificial dermal substitute, and to demonstrate that the previously proposed theory of substitutes playing a negative role in the delivery of the necessary blood and nutrients for the engraftment of a graft is unfounded. The average engraftment rate of skin grafts using Matriderm was 96%. There was no occurrence of a lowered engraftment rate due to the widened transport distance of nutrients and oxygen into the graft because of the artificial dermal substitute inserted in the middle [12, 13] . We believe that the concurrent use of Matriderm and the split-thickness skin graft can not only bring about functional and cosmetic improvement but also play the role of a temporary barrier with the following advantages: a hemostatic effect, reduction of scar contracture, prevention of infections, maintenance of the elasticity and flexibility of the existing skin, and reduction of the scar tissue. In this study, good results were obtained by concurrently using Matriderm and the split-thickness skin graft for the damaged area in the lower extremities.
